demonstrated that zein was nutritionally incomplete since rats lost weight on a diet containing zein as the only source of protein. Normal growth was restored by the addition of lysine and tryptophane to the diet. Their findings were further substantiated in feeding experiments by Hogan (i916) and Marias and Smuts (I94o) , all of whom found that when zein or whole kernel corn was supplemented with lysine and tryptophane, normal growth occurred.
As the protein content of corn is increased the zein fraction increases more proportionally than the non-zein fractions. As zein contains little, if any, tryptophane, it might be expected that corn with higher zein content would contain less tryptophane than corn with lower zein content. Actually there is a positive correlation between the protein content and tryptophane content since the non-zein protein fraction (containing tryptophane) also increases as the zein increases.
6~6 DOBBINs, KaID~.R, HAMILTON, EARLEY AND TERRILL
In a comparison of waxy and non-waxy corn for pigs, Hanson (I946) found that 6.3 pounds less protein supplement per ioo pounds of gain was required with waxy corn containing I4~ 0 crude protein (dry basis) than with nonwaxy corn containing i i ~ crude protein (dry basis).
McElroy and Draper (1949) conducted pig feeding trials using high, medium and low protein barley and oats. They state that when high protein barley and oats are used in the ration, good results can be obtained by adding substantially smaller quantities of protein supplement than are required when the grains used are of low protein content.
The three experiments reported herein were conducted to compare the protein quality of low and high protein corn and to provide a partial answer to the question of whether or not the higher protein corn can be fed with less protein supplement than is required when average or low protein corn is fed to growing-fattening pigs in drylot.
Experimental Procedure and Results

Experiment I. Pilot Test with Rats (I949, spring)
The purpose of this pilot test was to compare yellow corns containing 8.6, i~.~, and I3.5 percent crude protein (fresh basis) when fed to young rats.
Twenty-four young, white, male rats weighing 56 grams initially were trio-fed (equal feed) for six weeks. Individual screen wire cages were provided each rat and automatic water bottles were attached to each cage.
Eight rats received the A diet (8.6 % protein corn), eight received the B diet (~ 1.2% protein corn) and eight received the C diet h3.5% protein corn). The feed intake was controlled by the paired-feeding technique with the amount of feed given any one trio being determined by the smallest amount of feed consumed by any member of the trio. All animals were fed once daily and feed containers were left in the cages until the following day.
The crude protein content of all diets was xS~ and in each diet the amount of protein supplied by corn was the same. All three diets were equated for gross energy through the addition of corn starch and crude corn oil to the B and C diets. Wood flock was added to the B and C diets in order to equalize the fiber content of the three diets.
Rats were killed by etherization at the end of the test. Body length from tip of nose to base of tail was recorded for each rat. The carcasses were weighed after emptying the contents of the alimentary tract. They were then frozen and held in the frozen state until chemical analyses could be made.
The diets fed are given in differences in protein quality of the three corns were so slight that they could not be detected by the feeding technique employed.
Carcass Analysis of Rats. Each frozen carcass was ground separately through a common meat grinder and composite samples were taken for chemical analysis. The total nitrogen content of each carcass was deter. mined by the Kjeldahl method and the gross energy determinations were made in a bomb calorimeter.
The results are given in table 3. A statistical analysis using the t-test for paired data showed no significant differences in the amount of gross energy per rat. Differences in grams of nitrogen per rat between diets A and C and between B and C were not significant, but differences between A and B were significant. This is difficult to explain since no significant difference was shown between A and C. The purpose of this experiment was to compare the supplemental value of corn protein from two varieties of yellow corn containing 8.~% and ii.7% crude protein (fresh basis) respectively, when fed to growingfattening pigs in drylot.
Eighteen Chester White pigs weighing 56 pounds initially were pair fed (equal feed) for eight weeks. The members of each of seven pairs were of the same sex and from the same litter, while members of two pairs were of the same sex, but from different, though closely related litters. Young, lightweight pigs were used because the period of rapid growth offers a more critical test of protein because of the need for more and higher quality protein at this time.
All pigs were individually fed twice daily. They were placed in individual feeding crates (size 15"x 3~"• 4') at feeding time only. At other times the pigs were confined on concrete floors as two groups of nine pigs each, in a pen measuring ~7'X i6'. Water was available at an automatic waterer in each pen.
All pigs were individually weighed at weekly intervals.
The pigs received a i5% crude protein ration until they reached ioo pounds and i:~% thereafter. Although these levels of crude protein are suboptimum for pigs of these weights, they were used to give a more critical test of the value of the protein in the rations. The two rations were equated for gross energy and crude fiber by adding corn starch, crude corn oil and wood flock to the B rations. Table 4 shows the composition of the rations fed and the crude protein (N X 6.25) and gross energy content of all rations as determined by chemical analysis. In each ration the amount of protein furnished by corn was the same and therefore less of the higher protein corn was required in each case. Note: Pantothenic acid, rilx~flavin and ch~qlne were added in crystalline ii~rm to all rations to furnish the reom~-mended levels of each.
A summary of results is shown in table 5. The pigs gained at the same rate (I.34 lbs. daily) and an analysis using the t-test for paired data showed no significance. All pigs performed satisfactorily and at the conclusion of the test the greatest weight difference between the members of a pair was four pounces. The pigs were not slaughtered for carcass studies but observations made of the live pigs indicated no marked differences in the degree of finish or growth. It is concluded that yellow corn containing I 1.7% crude protein (fresh basis) is no better for young growing pigs than yellow corn containing 8.z% crude protein (fresh basis) when each supplies the same amount of protein in the ration. The purpose of this experiment was to compare the feeding value of yellow corns containing 7.7%, 9.I%, and i~.8% crude protein (fresh basis) for growing-fattening pigs in drylot.
Ten trios of 58 pound pigs were trio-fed (equal feed) for five weeks and tive of the trios were continued on test for io weeks and were given the same accommodations as those used in experiment ~. Durocs, Chester Whites, and Poland Chinas were used. A trio consisted of three pigs of the same sex, from the same litter, and of approximately the same initial weight. Each trio was treated as a separate unit; one member received ration A, the second member received ration B, and the third member received ration C. All pigs were hand-fed individually twice daffy.
All pigs were fed a ration containing I5% crude protein until they weighed ioo pounds and thereafter were fed a ration containing i~% crude protein. Although these levels of crude protein are suboptimum for pigs of these weights, they were used to give a more critical test of the value of the protein in the rations. The three diets contained the same amount of corn and enough supplement was added to balance the rations at I5% and I~% crude protein, respectively. Smaller amounts of supplement were required with the higher protein corn in the B and C rations. Corn starch and crude corn oil were added to the B and C diets to equate the gross energy content of the three rations and wood flock was added to equalize the fiber content of all rations. The dehydrated alfalfa meal was included at the same level in all rations as a vitamin supplement. The rations are given in table 6.
A summary of the results is presented in table 7. The average daily gains did not differ significantly between lots of pigs fed either the 7.7% or the 9.1% protein corn for the five-week or the ten-week period. However the the average daily gains made by pigs fed the i~.8% protein corn (ration C) were significantly less than the average daily gains of pigs fed either the 7-7% or 9.I ~ protein corn. Under the conditions of this experiment, the i ~.8~ Note: Pautothenic acid, riboflavin and choline chloride were added in crystalline form to all rations to furnish the recommended levels of each. At the end of five weeks t.~ % of Lederle's APF supplement was added to each of the rations. gain,, lb. =89~.9,** ~8o.7" 3o6.6 9,9i.i* 299.9,** 3~5.8 * Significant over C (P <o.o~). ** Highly significant over C (P <o.ox).
protein corn did not satisfactorily replace half of the supplement in her rations fed to ioo pounds live weight or all of the supplement in the rations fed thereafter for growth of young pigs. The feed required per lOO pounds of gain made by pigs fed the ~.8% protein corn was significantly greater than the feed required by pigs fed either the 7.7% protein corn or the 9.I% protein corn in rations equated for crude protein. The 9.I% protein corn satisfactorily replaced ~ pounds or i ~. 1% of the protein supplement in the rations fed up to ioo pounds live weight and ~.5 pounds or ~7.8~o of the protein supplement for over ioo pounds live weight.
Discussion
As the percentage of total protein of corn increases, an increasing proportion of such protein is made up of zein, which is extremely low, if not completely devoid of lysine and tryptophane. Therefore, one would assume that the quality of the protein in high protein corn is inferior to that in low protein corn. However, the rat experiment and first pig experiment in which high protein and low protein corn furnished the same amount of protein in the rations, clearly show that the difference in protein quality in the corns used is so slight that it cannot be demonstrated by the feeding techniques employed.
All experimental evidence to date indicates that corn, regardless of its protein content, will not satisfy the amino acid requirements of growing swine. Therefore, an efficient protein supplement should be fed with high protein corn as well as with low protein corn for growing-fattening pigs.
Twelve percent less protein supplement (equal parts of solvent soybean oil meal and meat and bone scraps) was needed to produce a 15~ protein ration and ~7.7% less protein supplement was needed to produce a i~% protein ration when the 9.i % protein corn was used than when the 7.7% protein corn was used. Since the rations contained suboptimum levels of protein for young growing pigs it seems logical to assume that in rations formulated to contain the recommended protein levels, the high protein corn will replace a higher percentage of the protein supplement than the above figures indicate.
Since ground mixed rations were fed in the experiments reported herein, there was no attempt to determine differences in the palatability of the various corns. All rations were readily consumed and were equally palatable to the pigs. However, palatability of certain varieties of high protein corn may become a limiting factor when the shelled corn is self-fed free-choice. Some preliminary work at the Illinois Station indicates that palatability is not an important factor, but further work is planned to determine the importance of palatability when high protein corn is self-fed free-choice with protein supplement.
The reduction in the amount of protein supplement needed to balance the protein content of'the ration when high protein corn is fed will depend
